Introduction
Reservoir sedimentation is a serious consequence of soil erosion with large environmental and economical implications. On the other hand, reservoir sedimentation also provides valuable information on erosion problems and sediment transport within a drainage basin. A reservoir can be considered as a large scale experiment, as the outlet of a giant erosion plot (Verstraeten and Poesen, 2000) .
The objective of this paper is to indicate how the reservoirs from the Siret Basin influence the sediment discharge of the rivers by sedimentation and to calculate the trap efficiency of the reservoirs from this basin which indicate the capacity of these reservoirs to trap sediments.
The problem of the reservoir silting in Romania and also in the Siret River Basin was a very important research topic for many scientific papers (Ciaglic et.al, 1973; Ionescu, 1980; Zavati and 
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Reservoir sedimentation has been also the subject of numerous studies and research in international bibliography (Walling, 1983 (Walling, , 1997 (Walling, , 1999 (Walling, , 2009 Verstraeten, Poesen, 2002; Syvitski et.al, 2003 Syvitski et.al, , 2005 Syvitski, Milliman, 2007; de Vente et.al, 2007) . For this paper we must also make reference to sediment trap efficiency. This parameter was extensively studied. The first has paid special attention to this parameter was Brown (1943) who developed a model. It was then followed by others who have contributed to the knowledge of trap efficiency -TE (Churchill, 1948; Brune, 1953; Vanoni, 1977; Heinemann, 1981) and some of them even made improvements to the model (Churchill, 1948; Brune, 1953; Heinemann, 1981) . Verstraeten and Poesen (2000) made a synthesis of the most used methods for calculating TE both in terms of empirical models and theoretical models.
The area of investigation
The Siret River is the biggest river in Romania. It springs from the Paleogene flysch of the Wooded Carpathians (in Ukraine) at an altitude of approximately 1238 m (Ujvari, 1972) and drains, within its catchment the central-eastern part of the Eastern Carpathians and a part of the South-Eastern Carpathians, the Moldavian Sub-Carpathians and the northern part of SouthEastern Sub-Carpathians, the Moldavian Plateau and the Lower Siret Plain. The catchment area of the Siret River covers an area of 44 871 km 2 from which 42 890 km 2 in Romania. The total length of this river in Romania is 548 km, while there are another 110 km from its springs to the point it enters Romania.
The main relief lines decrease in height from west to east and from north to south. The morphographical and morphometrical features depend on lithology. This way in the Carpathians area, from west to east, there aligns the main morphological units (Olariu et.al, 2009): -Volcanic mountains, with massive forms and hard rocks. In this area the runoff is high (15 -20 l/s/km 2 ) and the sediment yield is low (0,5 -0,7 t/ha/yr).
-Crystalline mountains, also with massive forms, and very high, because of the hard rocks, and with limestone intrusion. The runoff is still high (12 -16 l/s/km 2 ) while the sediment yield is low (0,8 -1,2 t/ha/yr).
-Flysch Mountains are characterized by a great lithological variability, because of the overthrust layers. Here the runoff has values between 8-14 l/s/km 2 , and the sediment yield become high (20 -25 t/ha/yr in the South-Eastern Carpathians).
The Sub-Carpathians are located on the eastern part of the Carpathians, characterized by the presence of some depressions bounded by anticline hills. In this area the runoff is between 8 -10 l/s/km 2 , and the sediment yield between 5 -15 t/ha/an, but there are a lot of variations.
The main relief units from the platform region are the Moldavian Plateau, the Lower Siret Plain and the north-east part of the Baragan Plain. In the plateau, the runoff has values between 2 -6 l/s/km 2 , and the sediment yield between, 2 -5 t/ha/yr. In the plain area the values of the runoff and the sediment yield are much smaller.
GEOREVIEW, Vol. 21 (2012) During 1960 During -2001 in the Siret Basin were constructed 35 dams with a height of at least 10 m behind which were made reservoirs for various purposes which include water supply to municipalities, irrigation, electricity or fish and leisure (Rădoane and Rădoane, 2004, 2005) . Siret Basin is characterized by the highest use of hydrological potential in Romania, resulted in the number of reservoirs designed and put into operation. Among the other rivers and river basins in Romania, only Olt River poses a much bigger number of reservoirs than Siret (Dăscălescu, 2000) . Regarding capacity of the reservoirs in the Siret Basin there is a dominance of small reservoirs with capacities below 20 million m Capacity and operating mode lakes are important factors controlling the degree of retention of silt from the source area. As we mentioned above sedimentation within reservoirs is a problem as it decrease the storage capacity and, hence, makes the structure less efficient. For small reservoirs, sedimentation can become a severe problem as the rate of siltation is generally much higher in comparison to large dams (Rădoane and Rădoane, 2005) . 
Data sets and methods
Because this article refers to the trap efficiency of the reservoirs in the Siret Basin we have used the database of Siret Water Administration which consists from bathymetric measurements made over time on reservoirs from this institution (volumetric curves, catchment area, and surface of the reservoir, the initial volumes, and the last measured volume). Database that we had was completed with values from other lakes in Siret Basin, from previous studies referring to Barlad Basin and Buzau Basin (main tributaries of Siret River).
To perform an analysis of trap efficiency of reservoirs in the Siret Basin as well as how these reservoirs affect the sediment and water discharge of the rivers by retaining significant quantities, two methods were used for these topics : calculating sediment trap efficiency of the reservoirs (TE) and double mass curves (plots, Walling, 1997) .
Sediment trap efficiency (TE)
is the proportion of the incoming sediment that is deposited, or trapped, in a reservoir or pond. In situation when sediment data downstream the reservoir is available this parameter is effective in calculating the sediment yield of the upstream catchment of the reservoir. The TE of reservoirs and ponds is dependent on several parameters (an overview of these processes taking places in a reservoir is given by Heinemann, 1981 , cited by Verstraeten and Poesen, 2000) . Since TE is dependent on the amount of sediment deposited, parameters controlling the sedimentation process are very important.
Verstraeten and Poesen (2000) make a briefly overview of the high number of the factors that influence the trap efficiency of pond and reservoirs. Starting from the fractions of incoming sediments they relate this parameter with the settling velocity of sediment particles and with the retention time of runoff and sediment particles. They also marked the importance of the incoming sediment characteristics (particle size distribution), inflow characteristics (runoff volume, peak discharge, base flow) and pond characteristics (pond typology, surface area, shape, outlet dimension, outlet type, location of the outlet, initial storage volume).
Taking in consideration the many parameters that influences the sedimentation process and, hence the TE of reservoirs and ponds, it is very difficult to predict TE in a simple manner. The most accurate predictions will be those based on theoretical relations that incorporate all the influencing factors. However this requires not only the use of complex models but also the availability of a great deal of input data. Simple models relating TE to a single reservoir parameter are, on the other hand, easy to implement but are far less accurate (Verstraeten and Poesen, 2000) .
Different empirical relations have been developed to estimate the trap efficiency. Usually the relation proposed by Brown (eq. 1) (Brown, 1943) and Brune (eq. 2) (Brune, 1953) are applied, as these relations are suited for large reservoirs, and is relatively easy to apply.
Brown relation (1943)
TE= 100 * {1 -1 / [1+D*(C/A)]} (Eq.1)
In this relation TE, stands for trap efficiency (%), C for the capacity of the reservoir (m 3 ) and A for the drainage are of the basin (km 2 ). D is a constant between 0.046 and 1, with a mean value of 0.1 and depends on the reservoir type. Brown (1943) suggest that values for D are close to 1 (i.e. high TE) for reservoirs in regions with smaller and more variable runoff and for those that hold back and store flood flows. Brune (1953) replaced the C/A (capacity/catchment area) ratio with C/I (capacity/inflow) ratio because he stated that in the catchments with the same area the hydrological characteristics might be different.
Brune relation (1953) TE= 100 * {1 -1 / [1+D*(C/I)]} (Eq.2)
Even if the second relation is more accurate we used both in our study because for some reservoirs we didn't have inflow values.
We also have to mention that if a reservoir had in its close upstream another reservoir we couldn't calculate the trap efficiency (TE) of the downstream reservoir because of the influenced regime of the water and sediment inflow.
Double mass curves (plots)
is a tool frequently used to identify changes in the sediment response of a river (Walling 1997) , using annual values of water and sediment discharge, transformed in runoff (m 3 ) and sediment load (t). This method represents a plot (figure 2 and 3) between cumulative values of the parameters mention above and can be explaining in three ways:
-break in line above in the double mass plots, suggests that the controls in the catchment modified with the increasing of the sediment and/or decreasing the runoff.
-break in line below in the double mass plots, suggests that the controls from the catchment modified with de decreasing of the sediment transport and/or increasing of the runoff.
-straight line (no clear break in the double mass plots), suggests that both the runoff and sediment have responded to similar controls.
Results
As is well known building dams have a significant impact on the hydrological regime of the river and river bed geomorphology. Various authors have indicated this with reference to reservoir silting and river processes occurring downstream of dams, namely deepening riverbeds (Ichim and Rădoane, 1986) , which is not subject of this study. In the following we will realize an analysis of the sedimentation process in reservoirs from the Siret Basin as an effect in sediment discharge regime and the evolution of this process in terms of the percentage of sediment retention (trap efficiency -TE).
The first issue that we will consider is the time evolution of the sediment transport and the way of evolution of this parameter corresponding with runoff. From the Siret Basin for this analysis we only had data for the Siret River. For the gauging stations considered -Hutani, Lespezi, Dragesti, Lungoci -we need to mention some very important issues. The double mass plots made for the Siret River at the gauging stations considered for our study are presented in figure 2 and 3. For all the plots drawn the annual sediment load of the river, provides clear evidence of a reduction after the middle of the 1980's (1985 -1986) when all the dams where constructed. However, in this case, the reduction in sediment load has occurred without a significant decrease in annual runoff and primarily reflects the trapping of sediment by the dams constructed on this river. The change in the sediment response of the river caused by the construction of these dams is clearly demonstrated by the double mass plot. On sediment retention capacity in the reservoirs, we calculated trap efficiency (TE) for some lakes where we had dates and where their position in the basin allowed us (see chapter 2 of this paper). TE was calculated as mentioned above in two ways (Brown method, Brune method) . Values of this parameter are between 42-98%. Wide spread of ratios can be attributed to high number of factors that influence this parameter (Table 2) . Verstraeten and Poesen (2000) , citing Heinemann (1981) indicate that TE of reservoirs is dependent on several parameters. Since TE is dependent on the amount of sediment deposited, parameters controlling the sedimentation process are very important. Therefore, the particle-size distribution of the incoming sediments controls TE in relation to retention time (the average time the incoming runoff remains in the reservoir). Coarser material will have a higher settling velocity, and less time is required for it to be deposited. Very fine material, on the other hand, will need long retention times to deposit. The particle-size distribution of the incoming sediment is dependent on the soils in the catchment that are being eroded and on the sediment delivery processes. The retention time of a reservoir is related to the characteristics of the inflow hydrograph and the geometric characteristics of the reservoirs or pond, including storage capacity, shape and outlet topography. The location of the principal spillway can also control the retention time. If located at the bottom, the water will flow out directly while, if it is located at the top of the embankment, the runoff water will, first, have the opportunity to mix with the water already present in the reservoir. The size of the spillway (which regulates the discharge) must be taken into account. Permanent poop storage (in contrast to completely dry reservoirs) also controls the average retention time (Verstraeten and Poesen, 2000) .
Discussion
From the controlling factors mentioned by Verstraeten and Poesen (2000) , unfortunately we don't have more conclusive data than the capacity of reservoirs. The correlation from figure 4 between initial capacity of reservoirs considered (m 3 , n = 14) and trap efficiency (TE %) has a coefficient of determination of approximately 0.600, which indicates that the capacity of the reservoirs explains almost 60% of the variations of TE. In reservoirs with higher capacity the values approach to 100% while in small reservoirs, the value of TE is decreasing (Brown, 1943; Brune, 1953) . The relation from figure 4 was tested with Sigma Plot software -Function Statistics. The results of the analyses indicate that the relationship is statistical significant at p-value of 0.0025 which is lower than the significance level α (α = 0.05).
The relation from figure 4 indicates that the capacity of reservoirs is a very important controlling factor in retaining and silting the sediments transported by the rivers through the reservoirs. However, the lack of any other information regarding other controlling factor at the moment makes the analyses of the TE factor impossible. Data regarding incoming sediment characteristics (particle size distribution), inflow characteristics (runoff volume, peak discharge, base flow) and pond characteristics (pond typology, surface area, shape, outlet dimension, outlet type, location of the outlet, initial storage volume) need to be obtain and gathered together for a more accurate analyses.
Trap efficiency of the reservoirs is an important parameter in the analysis of sedimentation in the reservoirs and thus the transport of sediments in a river basin (Verstraeten et. al, 2006; Vanmaercke et.al, 2011) . Although the complexity of this parameter determined by many controlling factors control as numerous authors mentioned (Brown, 1943; Brune, 1953; Heinemann, 1981; Verstraeten and Poesen, 2000) complicate this parameter calculation and theoretical models are more accurate in calculating TE, both Brown and Brune have adapted an empirical model that facilitates more computing TE (equations 1 and 2). These two formulas (equation 1 and 2) were used also by us for TE calculation in this paper.
Conclusions
Siret Basin is one of the most developed river basins in Romania in terms of reservoirs. A detailed analysis on this parameter (TE) provides an overview of the process of sedimentation in reservoirs. TE values can then be used in the calculation for SY upstream reservoirs. The calculated values for the reservoirs for which we had data in the Siret Basin vary between 42 -98%. This correlates well with the capacity of reservoirs (r 2 =0.578, p-value=0.0025, α=0.05). For reservoirs with large volumes TE value approaches 100%, while for those with lower volumes the value reduces.
Unfortunately the lack of a more extensive database on the controlling factors of TE made it impossible a complete analysis of this process. However, this paper is intended as a starting point for further analysis on the TE and the reservoir silting which should result in a prediction model for sediment yield in the Siret Basin.
